surfaces, improved design of the membrane modules, and induced flow instabilities are other useful methods in overcoming membrane fouling and concentration polarization (Jaffrin, 2012) .
35
Researchers have discussed various ways to induce these flow instabilities such as Taylor (Park 
51
The objective of this paper is to study the effects of Dean vortices on reducing concentration 52 polarization and membrane fouling, and an increase of permeation fluxes in the case of MF of 53 china clay suspensions through the study of hydrodynamics. While a significant amount of 54 research has been done for reverse osmosis (RO) and UF which were widely used for 55 desalination and removal of natural organic matter, MF for china clay particles draws less 56 attention. Also, little research has been done for the influence of membrane configurations on (Merck Millipore, Darmstadt, Germany). According to the manufacturer, the membranes are 70 hydrophilic with thickness and porosity of 150 μm and 75%, respectively. A view of the clean 71 membrane sample pictured using scanning electron microscope (SEM) is shown in Figure 1 (a).
72
The particle size distribution of clay particles (Sigma-Aldrich, Dorset, UK) was evaluated using 
131
The spiral channel has the following specs: length (760 mm), width (9.5 mm) and height (0 143 Equation (1) can be used to calculate Dean number in the curved channel (Dean, 1928) :
145 where is the Re number above critical Re (approx. 33-45), which was found experimentally 146
by Brewster et al. (1959) ; is the equivalent hydraulic diameter calculated to be 0.0745 cm; and 6 is the diameter of curvature of the channel path has been calculated to be 4.51 cm. 
168
The Reynolds number for both modules i.e. circular crossflow and stirred dead end can be 169 calculated using Equations (4) and (5) respectively:
172
where is the dynamic viscosity of the fluid, is the density of the fluid, is the radius of the 173 filtration cell, and is the angular velocity. Equation (5) was also used to calculate .
174
Shear stresses on the inner and outer regions are given by Equations (6) and (7) respectively:
177 where is the momentum boundary layer � = � �.
178
The stirred dead end module has a critical radius of 2.37 cm. In order for the system to achieve 179 a similar shear stress as in the circular flow module, the flat blade paddle impeller requires 180 rotation speed of 145 rpm, which equals to the shear stress of 1.27 Pa.
181
Cussler (2009) 
196 where is the Schmidt number which is the ratio of viscous diffusion rate and molecular 197 diffusion rate (Sc = ).
198
The mass transfer coefficient for the stirred dead end system can be obtained from the typical 
214
where is the permeate flux( 
216
The differences in total hydraulic resistances for both modules are shown in 
275
As filtration process progressed, the observed rejection coefficients changes very slightly and lie 276 within 3% to 6% variation as shown in Table 1 
342
where is the feed flow rate, is the permeate flow rate, ∆ is the pressure difference 343 between the inlet and outlet, and ∆ is the transmembrane pressure. crossflow is always higher than stirred dead end. Hence, it is proven that energy consumed was 372 less for circular crossflow module than for stirred dead end module with higher permeation rates.
373
From the study of hydrodynamics of both set-ups, the mass transfer coefficients of particles 374 could be determined. Hence, it is proven to have significant advances in the practical and 375 theoretical aspects of water science and technology as presented elsewhere by the authors. 
